Properties of the 11 084 874 829 Steiner triple systems of order 19 are examined. In particular, there is exactly one 5-sparse, but no 6-sparse, STS(19); there is exactly one uniform STS(19); there are exactly two STS(19) with no almost parallel classes; all STS(19) have chromatic number 3; all have chromatic index 10, except for 4 075 designs with chromatic index 11 and two with chromatic index 12; all are 3-resolvable; and there are exactly two 3-existentially closed STS(19).
Introduction
A Steiner triple system (STS) is a pair (X, B), where X is a finite set of points and B is a collection of 3-subsets of points, called blocks or triples, with the property that every 2-subset of points occurs in exactly one block. The size of the point set, v := |X|, is the order of the design, and an STS of order v is commonly denoted by STS(v). Steiner triple systems form perhaps the most fundamental family of combinatorial designs; it is well known that they exist exactly for orders v ≡ 1, 3 (mod 6) [31] .
Two STS(v) are isomorphic if there is a bijection between their point sets that maps blocks onto blocks. Denoting the number of isomorphism classes of STS (v) by N(v), we have N(3) = 1, N(7) = 1, N(9) = 1, N(13) = 2 and N(15) = 80. Indeed, due to their relatively small number, the STSs up to order 15 have been studied in detail and are rather well understood. An extensive study of their properties was carried out by Mathon, Phelps and Rosa in the early 1980s [35] .
For the next admissible parameter, we have N(19) = 11 084 874 829, obtained in [26] . Of course, this huge number prohibits a discussion of each individual design. Because the designs are publicly available in compressed form [28] , however, examination of some of their properties can be easily automated. Computing resources set a strict limit on what is feasible: one CPU year permits 2.8 milliseconds on average for each design.
Many properties of interest can nonetheless be treated. In Section 2, results, mainly of a computational nature, are presented. They show, amongst other things, that there is exactly one 5-sparse, but no 6-sparse, STS (19) ; that there is one uniform STS (19) ; that there are two STS (19) with no almost parallel classes; that all STS (19) have chromatic number 3; that all have chromatic index 10, except for 4 075 designs with chromatic index 11 and two with chromatic index 12; that all STS(19) are 3-resolvable; and that there are two 3-existentially closed STS (19) . Some tables from the original classification [26] are repeated for completeness. In Section 3, some properties that remain open are mentioned, and the computational resources needed in the current work are briefly discussed. #  1 11 084 710 071  8  101  19  1  96  1  2  149 522  9  19  24  11  108  1  3  12 728  12  37  32  3  144  1  4  2 121  16  13  54  2  171  1  6  182  18  11  57  2  432  1 Table 1 gives the order of the automorphism group for each isomorphism class. Tables 2  and 3 partition the possible orders of the automorphism groups into classes based on the types of prime and composite automorphisms that occur in the group. Compared with [26] , Table 2 has been corrected by transposing the classes 18c and 18d, and the classes 12a and 12b (this correction is incorporated in the table reproduced in [4] ).
A list of the 104 STS (19) having an automorphism group of order at least 9 is given in compact notation in the supplement to [6] . Cyclic STS (19) were first enumerated in [1] and 2-rotational ones (automorphism cycle type 1 1 9 2 ) in [38] ; these systems are listed in [35] . The 184 reverse STS(19) (automorphism cycle type 1 1 2 9 ), together with their automorphism groups, were determined in [10] .
In this paper, certain STS(19) are identified as follows: A1-A4 are the cyclic systems as listed in [35] ; B1-B10 are the 2-rotational STS (19) as listed in [35] ; and S1-S7 are the sporadic STS (19) listed in the Appendix. In addition, an STS (19) can be identified by the order of its automorphism group when this is unique (the listings in [6] are useful for retrieving such designs). Design A4, with an automorphism group of order 171, is both cyclic and 2-rotational and is therefore also listed as B8 in [35] ; it is the Netto triple system [39] . A reader interested in copies of STS (19) that are not included among the sporadic examples here will apparently need to carry out some computational work, perhaps utilizing the catalogue from [28] -the authors of the current work are glad to provide consultancy for such an endeavour. (9) # STS(7) STS (9)  #  0  0 10 997 902 498  3  1  45  0  1  270 784  4  0 2 449  1  0  86 101 058  4  1  25  1  1  12 956  6  0  75  2  0  572 471  6  1  5  2  1  641  12  0  2  3  0  11 819  12  1  1 
Subsystems and Ranks
A subsystem in an STS is a subset of blocks that forms an STS on a subset of the points. A subsystem in an STS(v) has order at most (v − 1)/2; hence a subsystem in an STS (19) has order 3, 7 or 9. Moreover, the intersection of two subsystems is a subsystem. It follows that each STS (19) has at most one subsystem of order 9, with equality for 284 457 isomorphism classes [42] . The number of subsystems of each order in each isomorphism class was determined in [29] and these results are collected in Table 4 . The STS(19) with 12 subsystems of order 7 and 1 subsystem of order 9 is the system having an automorphism group of order 432, and the other two STS(19) with 12 subsystems of order 7 are the systems having automorphism groups of orders 108 and 144. The rank of an STS is the linear rank of its point-block incidence matrix over GF (2) . In this setting, a nonempty set of points is (linearly) dependent if every block intersects the set in an even number of points. Counting the point-block incidences in a dependent set in two different ways, one finds that a dependent set necessarily consists of (v + 1)/2 points so that its complement is the point set of a subsystem of order (v − 1)/2. An in-depth study of the rank of STSs has been carried out in [11] .
In particular, for v = 19 there is at most one dependent set, with equality if and only if there exists a subsystem of order 9. It follows that the rank of an STS(19) is 18 if there exists a subsystem of order 9 (284 457 isomorphism classes) and 19 otherwise (11 084 590 372 isomorphism classes).
The rank over GF (2) gives the dimension of the binary code generated by the (rows or columns of) the incidence matrix. The code generated by the rows of a point-block incidence matrix is the point code of the STS. There exist nonisomorphic STS (19) that have equivalent point codes [27] .
Small Configurations
A configuration C in an STS (X, B) is a subset of blocks C ⊆ B. Small configurations in STSs have been studied extensively; see [8, Chapter 13] , [17] and [19] . The number of any configuration of size at most 3 is a function of the order of the STS. We address small configurations with some particular properties. A configuration C with |C| = ℓ and | ∪ C∈C C| = k is a (k, ℓ)-configuration. A configuration is even if each of its points occurs in an even number of blocks. If no point of a configuration occurs in exactly one block, then the configuration is full.
The only even (and only full) configuration of size 4 is the Pasch configuration, the (6, 4)-configuration depicted in Figure 1 . The numbers of Pasch configurations in the STS (19) were tabulated in [26] ; for completeness, we repeat the result in Table 5 . Three STS (19) with 84 Pasch configurations were found in [23] . Indeed, 84 is the maximum possible number of Pasch configurations and the list of such STS (19) in [23] is complete. The three systems are those having automorphism groups of order 108, 144 and 432, also encountered in Section 2.2.
Replacing the blocks of a Pasch configuration, say P = {{a, b, c}, {a, y, z}, {x, b, z}, {x, y, c}}, by the blocks of P ′ = {{x, y, z}, {x, b, c}, {a, y, c}, {a, b, z}} transforms an STS into another STS. This operation is a Pasch switch. All but one of the 80 isomorphism classes of STS (15) contain at least one Pasch configuration. Any one of these can be transformed to any other by some sequence of Pasch switches [16, 22] . A natural question is whether the same is true for the STS (19) , that is, if each STS(19) containing at least one Pasch configuration can be transformed to any other such design via Pasch switches. The answer is in the negative.
In [21] the concept of twin Steiner triple systems was introduced. These are two STSs each of which contains precisely one Pasch configuration that when switched produces the other system. If in addition the twin systems are isomorphic we have identical twins. In the electronic journal of combinatorics 17 (2010), #R98 [20] nine pairs of twin STS (19) are given. By examining all STS(19) containing a single Pasch configuration, we have established that there are in total 126 pairs of twins, but no identical twins.
We also consider STSs that contain precisely two Pasch configurations, say P and Q, such that when P (respectively Q) is switched what is obtained is an STS containing just one Pasch configuration P ′ (respectively Q ′ ). There are precisely 9 such systems. In every case the two single Pasch systems obtained by the Pasch switches are nonisomorphic. One such system is S1 (in the Appendix).
For size 6, there are two even configurations, known as the grid and the prism (or double triangle); these (9, 6)-configurations are depicted in Figure 1 . Every STS contains an even configuration of size at most 8, see [15] . However, no STS(19) missing either a grid or a prism was known. Indeed, a complete enumeration of grids and prisms establishes that there is no such STS (19) . The distribution of the numbers of grids is shown in Table 9 and that for prisms in Table 10 . The smallest number of grids in an STS(19) is 21 (design S4) and the largest is 384 (the STS(19) with automorphism group order 432). The smallest number of prisms is 171 (design A4) and the largest is 1 152 (the designs with automorphism group orders 108, 144 and 432). In particular, then, every STS(19) contains both even (9, 6)-configurations.
An STS is k-sparse if it does not contain any (n + 2, n)-configuration for any 4 n k. In studying k-sparse systems it suffices to focus on full configurations, because an (n + 2, n)-configuration that is not full contains an (n + 1, n − 1)-configuration. Because k-sparse STS(19) with k 4 are anti-Pasch, one could simply check the 2 591 anti-Pasch STS (19) . A more extensive tabulation of small (n + 2, n)-configurations was carried out in this work.
There is one full (7, 5)-configuration (the mitre) and two full (8, 6)-configurations, known as the hexagon (or 6-cycle) and the crown. These are drawn in Figure 2 , and their numbers are presented in Tables 11, 12 and 13. The existence of a 5-sparse STS(19) was known [7] . By Table 11 there are exactly four nonisomorphic anti-mitre STS (19) . Moreover, by Tables 12 and 13 there is a unique STS (19) with no hexagon and exactly four with no crown. Considering the intersections (19) with these properties, and the anti-Pasch ones, only two STS (19) are in more than one of the classes: one has no Pasch and no mitre, and one has no Pasch and no crown.
Theorem 1. The numbers of 4-sparse, 5-sparse and 6-sparse STS(19) are 2 591, 1 and 0, respectively.
The unique 5-sparse-that is, anti-Pasch and anti-mitre-STS (19) is A4. The unique STS (19) having no Pasch and no crown is A2, and the unique STS (19) with no hexagon is S5. The other three anti-mitre systems are B4, S6 and A3, and the other three anticrown systems are those with automorphism group orders 108, 144 and 432. The largest number of mitres, hexagons and crowns in an STS (19) is 144 (for the three STS(19) with automorphism group orders 108, 144 and 432), 171 (for A4) and 314 (for S7), respectively.
Cycle Structure and Uniform Systems
Any two distinct points x, y ∈ X of an STS determine a cycle graph in the following way. The points x, y occur in a unique block {x, y, z}. The cycle graph has one vertex for each point in X \ {x, y, z} and an edge between two vertices if and only if the corresponding points occur together with x or y in a block.
A cycle graph of an STS is 2-regular and consists of a set of cycles of even length. Hence they can be specified as integer partitions of v −3 using even integers greater than or equal to 4. For v = 19, the possible partitions are l 1 = 4 + 4 + 4 + 4, l 2 = 4 + 4 + 8, l 3 = 4 + 6 + 6, l 4 = 4 + 12, l 5 = 6 + 10, l 6 = 8 + 8 and l 7 = 16. The cycle vector of an STS is a tuple showing the distribution of the cycle graphs; for STS (19) we have (a 1 , a 2 , a 3 , a 4 , a 5 , a 6 , a 7 ) with
= 171, where a i denotes the number of occurrences of the partition l i .
The cycle vector (0, 0, 0, 0, 0, 0, 171) is of particular interest; an STS all of whose cycle graphs consist of a single cycle is perfect. It is known [25] that there is no perfect STS (19) . A more general family consists of the STSs with a i = v 2 for some i; such STSs are uniform. Uniform STS (19) are known to exist [39] . An extensive investigation of the cycle vectors of STS (19) was carried out. The results are summarized in Table 6 , where the designs are grouped according to the support of the cycle vector, that is, {i : a i = 0}. Only 28 out of 128 possible combinations of cycle graphs are actually realised. The main observation from Table 6 is the following.
Theorem 2. There is exactly one uniform STS(19).
The following conclusions can also be drawn from Table 6 . The anti-Pasch systems are one with cycle graph 5; five with cycle graphs 5 and 7; and 2 585 with cycle graphs 5, 6 and 7. The unique 6-cycle-free system has cycle graphs 1, 2, 4, 6 and 7. The numbers of k-cycle-free systems for k = 4, 6, 8, 10, 12 and 16 are 2 591, 1, 381, 66, 2 727 and 4, respectively. The unique uniform STS(19) is the 5-sparse system A4 of Theorem 1.
Independent Sets
An independent set I ⊆ X in a Steiner triple system (X, B) is a set of points with the property that no block of B is contained in I. A maximum independent set is an independent set of maximum size. There exists an STS(19) that contains a maximum independent set of size m if and only if m ∈ {7, 8, 9, 10}, and m = 10 arises precisely when the design contains a subsystem of order 9; see [8, Chapter 17] . The following theorem collects the results of a complete determination. The two systems that have maximum independent set of size 7 are the (cyclic) systems A2 and A4.
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Chromatic Number
A colouring of a Steiner triple system (X, B) is a partition of X into independent sets. A partition of X into k independent sets is a k-colouring. The chromatic number of an STS is the smallest integer k such that the STS has a k-colouring, and corresponding colourings are optimal. Designs with a unique optimal colouring have been termed uniquely colourable [41] . A colouring is equitable if the cardinalities of the colour classes differ by at most one. An STS is k-balanced if every k-colouring is equitable.
No STS(v) with v > 3 is 2-chromatic [40] . Moreover, every STS (19) 
Next we show that Theorem 4 completes the determination of the combinations of 3-colouring patterns that can occur in an STS (19) . For a given 3-colouring of an STS (19) , let the colour classes be (C 1 , C 2 , C 3 ). Let c i = |C i | for 1 i 3. Without loss of generality suppose that c 1 c 2 c 3 , and denote the pattern of colour class sizes by the corresponding integer triple (c 1 , c 2 , c 3 ) . Informally, we refer to the colour classes C 1 , C 2 , C 3 as red, yellow and blue. It is shown in [12, Section 2.4] and [13] that any 3-colouring of an STS(19) must have one of the six patterns (7, 6, 6), (7, 7, 5) , (8, 6, 5) , (8, 7, 4) , (9, 5, 5) , (9, 6, 4) , and that certain reductions are possible. Lemma 1. An STS(19) that has a 3-colouring with colour class sizes (i ) (7, 7, 5 ) also has one with sizes (7, 6, 6),
(ii ) (8, 6, 5) either has one with sizes (7, 7, 5) or one with sizes (7, 6, 6), (iii ) (8, 7, 4) also has one with sizes (7, 7, 5), (iv ) (9, 5, 5) either has one with sizes (9, 6, 4) or one with sizes (8, 6, 5), (v ) (9, 6, 4) also has one with sizes (8, 6, 5), (vi ) (8, 7, 4) also has one with sizes (8, 6, 5), (vii ) (9, 5, 5) also has one with sizes (8, 6, 5), (viii ) (9, 6, 4) also has one with sizes (9, 5, 5), (ix ) (9, 6, 4) also has one with sizes (8, 7, 4 Suppose we have an (8, 7, 4) 3-colouring of an STS (19) . Then x 7 since x 133 = x − 7 0. Moreover, x 233 = 13 − x 6. Therefore we can find a yellow point to change to blue without creating a blue-blue-blue block. This proves (vi).
Suppose we have a (9, 5, 5) 3-colouring. Since x 122 + x 133 = 8 < 9 we can find a red point to be changed to either yellow or blue. This proves (vii).
Suppose we have a (9, 6, 4) 3-colouring. If x 233 < 6, we can change a yellow point to blue. So we may assume that x 233 = 6. Then x 133 = x 123 = 0. Hence each blue point occurs exactly three times in the yellow-blue-blue blocks and paired with three yellow points. So each blue point must occur paired with three yellow points in yellow-yellowblue blocks. This is impossible; hence (viii) is proved.
Again, suppose we have a (9, 6, 4) 3-colouring. If x 122 < 9, we can change a red point to yellow. Otherwise x 122 9. This forces x = x 223 = x 233 = 6 and x 133 = x 123 = 0, which is impossible by the same argument as in the proof of (viii). This proves (ix).
The main result of this section is a straightforward consequence of Theorem 4 and Lemma 1.
Theorem 5. Any STS(19) is 3-colourable with one of the following six combinations of 3-colouring patterns:
C 1 = {(7, 6, 6), (7, 7, 5)}, C 2 = {(7, 6, 6), (7, 7, 5) , (8, 6 , 5)}, C 3 = {(7, 6, 6), (7, 7, 5) , (8, 6, 5) , (8, 7, 4) }, C 4 = {(7, 6, 6), (7, 7, 5) , (8, 6, 5) , (9, 5, 5 )}, C 5 = {(7, 6, 6), (7, 7, 5) , (8, 6, 5) , (8, 7, 4) , (9, 5, 5 )}, C 6 = {(7, 6, 6), (7, 7, 5) , (8, 6, 5) , (8, 7, 4) , (9, 5, 5) , (9, 6, 4) }.
The first combination in Theorem 5, {(7, 6, 6), (7, 7, 5) }, occurs in only two STS (19) , both of which are cyclic; in fact these are the two exceptions of Theorem 4(ii), systems A2 and A4. The other two cyclic STS (19) , A1 and A3, have the colouring pattern combination {(7, 6, 6), (7, 7, 5) , (8, 6, 5) }. It is easy to find examples exhibiting each of the remaining combinations.
We are now able to answer the open problem of whether there exists a 3-balanced STS (19) (19) is 3-chromatic and has an equitable 3-colouring. There exists no 3-balanced STS (19) .
In a separate computation we obtained the frequency of occurrence of each combination of 3-colouring patterns. We also obtained information concerning the size of maximum independent sets. Our results are presented in Table 7 in the form of a two-way frequency table of maximum independent set size against combinations of 3-colouring patterns C i as defined in Theorem 5. The cell in row C i , column j gives the number of STS (19) that have 3-colouring pattern combination C i and maximum independent set size j. Observe that the total count for size 10 is in agreement with [42] , and it is worth pointing out that the zero entries in rows C 2 to C 6 can be deduced by elementary arguments without the need for any extensive computation. In particular, it is not difficult to show that an independent set of size 10 excludes the possibility of a (9,5,5) 3-colouring. 
Almost Parallel Classes
A set of nonintersecting blocks that do not contain all points of the design is a partial parallel class, and a partial parallel class with ⌊v/3⌋ blocks is an almost parallel class. Consequently, six nonintersecting blocks of an STS (19) form an almost parallel class. For each STS (19) we determined the total number of almost parallel classes in the following way.
For each STS (19) , the point to be missed by the almost parallel class is specified, after which the problem of finding the almost parallel classes can be formulated as instances the electronic journal of combinatorics 17 (2010), #R98 of the exact cover problem. In the exact cover problem, a set U and a collection S of subsets of U are given, and one wants to determine (one or all) partitions of U using sets from S. To solve instances of the exact cover problem, the libexact software [30] , which implements ideas from work by Knuth [32] , was utilized. The results are presented in Table 8 .
There is a conjecture that for all v ≡ 1, 3 (mod 6), v 15, there exists an STS(v) whose largest partial parallel class has fewer than ⌊v/3⌋ blocks [ In fact, Lo Faro already showed that every STS(19) has a partial parallel class with five blocks [33] and, constructively, that there indeed exists an STS (19) with no almost parallel class [34] . The current work shows that there are exactly two STS (19) with no almost parallel classes. These are A4 and the unique design with automorphism group of order 432. The largest number of almost parallel classes, 182, arises in S3.
A set of blocks of a design with the property that each point occurs in exactly α of these blocks is an α-parallel class. A partition of all blocks into α-parallel classes is an α-resolution, and a design that admits an α-resolution is α-resolvable. A Steiner triple system whose order v is not divisible by 3 cannot have a (1-)parallel class, but may have a 3-parallel class. The existence of Steiner triple systems of order at least 7 without a 3-parallel class is an open problem [8, p. 419] .
A complete search demonstrates that every STS(19) not only has a 3-parallel class, but a 3-resolution. It is, however, not always the case that every 3-parallel class can be extended to a 3-resolution. That is, some STS(19) contain a 6-parallel class that is nonseparable, in that it does not further partition into two 3-parallel classes. Using [3] , the largest α for which an STS(v) contains a nonseparable α-parallel class is 3, 1, 3, 5 and 6 for v = 7, 9, 13, 15 and 19, respectively.
Chromatic Index
While the chromatic number concerns colouring points, the chromatic index concerns colouring blocks. More precisely, the chromatic index of an STS is the smallest number of colours that can be used to colour the blocks so that no two intersecting blocks receive the same colour.
An STS(v) is resolvable if and only if its chromatic index is (v − 1)/2. Since 19 is not divisible by 3, there is no resolvable STS (19) , and the smallest possible chromatic index for such a design is ⌈57/6⌉ = 10.
By elementary counting, an STS(19) with chromatic index 10 must have at least 7 disjoint almost parallel classes. Moreover, the chromatic index of an STS (19) with no almost parallel classes is at least ⌈57/5⌉ = 12. We now describe the computational approach used to show that 10, 11 and 12 are the only possible chromatic indices for an STS (19) .
Exact algorithms and greedy algorithms for finding the chromatic index and upper bounds on the chromatic index of STSs were presented in the early 1980s [2, 5] . Now the electronic journal of combinatorics 17 (2010), #R98 modern algorithms for finding colourings and chromatic numbers of graphs can be used to determine the chromatic number of the line graph of the design, which equals the chromatic index of the design. To find a 10-colouring, the algorithm starts by finding sets of 7 disjoint almost parallel classes. To do this, for each STS (19) , all almost parallel classes are first found (as in Section 2.7). Using these, sets of 7 disjoint ones are obtained by an algorithm for finding cliques in graphs (form one vertex for each almost parallel class and place edges between disjoint classes). The Cliquer software [37] can be utilized to find the cliques. The final step is an exhaustive search for three partial parallel classes to partition the remaining 57 − 7 · 6 = 15 blocks.
A more general exhaustive search algorithm was applied to instances with chromatic index greater than 10. The final result is as follows. 
Existential Closure
The block intersection graph of an STS has one vertex for each block and an edge between two vertices exactly when the corresponding blocks intersect. A graph G = (V, E) is n-existentially closed if for every n-element subset S ⊆ V of vertices and for every subset T ⊆ S, there exists a vertex x ∈ S that is adjacent to every vertex in T and nonadjacent to every vertex in S \ T .
In [14] n-existentially closed block intersection graphs of STSs are studied. The block intersection graph of an STS(v) is 2-existentially closed if and only if v 13, it cannot be 4-existentially closed [36, Theorem 1] for any v, and the only possible orders for which it can be 3-existentially closed are 19 and 21. In fact, two STS(19) possess 3-existentially closed block intersection graphs [14] .
The following result from [14, Theorem 4.1] helps in designing an algorithm for determining whether the block intersection graph of an STS is 3-existentially closed. No STS (19) other than those discovered in [14] is 3-existentially closed.
Theorem 8. The number of 3-existentially closed STS(19) is 2.
The two 3-existentially closed STS (19) are A3 and S2.
Conclusions
The main aim of the current work has been to compute all kinds of properties of STS (19) and collect them in a single place. However, it is impossible to accomplish this task in an exhaustive manner, so we omit discussion of properties that (1) we do not consider to have large general interest, (2) we are not able to present in a compact manner, or (3) we simply are not able to compute at the present time.
For example, we consider various kinds of colouring problems, such as those studied in [9, 18] , to be of the first type. Any properties that have been used as invariants for STSs cannot, by definition, be tabulated in a compact way and are of the second type; examples of this type include various forms of so-called trains.
The third type of problems contain some very interesting open problems, including those of determining intersection numbers of STSs, maximal sets of disjoint STSs, and whether all STSs are derived. Further information on these problems can be found in [4, 8] . For example, just determining whether a single STS is derived remains a major challenge.
The problems were addressed using three different computational environments (in Canada, Finland and Great Britain), so we do not try to give exact details about the computations. The computational resources needed partition the problems roughly into three groups: those taking days or at most a couple of weeks ("easy"), those taking up to a couple of years ("intermediate") and those taking up to ten years ("hard"). These CPU times are roughly the times needed for one core of a "contemporary microprocessor".
The intermediate calculations were those of determining subconfigurations (10 CPU weeks), determining the almost parallel classes (1.5 CPU years), constructing the frequency table of maximum independent set size against 3-colouring pattern combination (12 CPU weeks), showing existence of 3-parallel classes (7 CPU months) and searching for 3-existentially closed designs (9 CPU months). The only one belonging to the category of hard calculations was the determination of the chromatic indices, which consumed just under 8 CPU years. All remaining calculations were "easy".
Appendix
We use the same method for compressing STSs as in the supplement to [6] . That is, for the points we use the symbols a-s and represent an STS by a string of 57 symbols x 1 x 2 · · · x 57 . The symbol x i is the largest element in the ith block. The other two symbols in the ith block are the smallest pair of symbols not occurring in earlier blocks under the colexicographic ordering of pairs: a pair y, z with y < z is smaller than a pair y ′ , z ′ with the electronic journal of combinatorics 17 (2010), #R98 y ′ < z ′ iff z < z ′ , or z = z ′ and y < y ′ . The order of the automorphism group is given after each design. S1: edgfhghijkllmnljompqporqsnsloqprmrsnnopsrqqprosqsrpsqrrss (1) S2: cefggfhijijklmnokppqmrsolrsqnqpsnrmornsoqpsqporpqrsrsqsrs (8) S3: cefghngjljrikoqplrnqmskmsnonsmrlpmoprqpqosopqsrrpsqqsrsrs (3) S4: cefghigpojlijqmplrqokomsnnqpslrommnsrqprnsoprqsrspqqsrsrs (1) S5: cefghfgjoiksmrlpnksqkmpsnlrnoqmmnqposrprqoorpqsrspqqrssrs (6) S6: cefghigomjsinksllsjqkmropnlqrpomnrpqpqornsopqrsrpqsqsrsrs (9) S7: cefihkgsojosmiqmnrlpjqklospnqlpormprnsprqonsoprqsrqqrssrs (1) 
